Brief Communications demiology, pathophysiology, and treatment. Mt Sinai J Med 61: 329-335. 22. Perrin J, Cosmetatos I, Gallusser A, et al.: 1993, Clostridium difficile associated with typhlocolitis in an adult horse. J Vet Diagn Invest 5:99-101. 23. Riegler M, Sedivy R, Pothoulakis C, et al.: 1995, Clostridium difficile toxin B is more potent than toxin A in damaging human colonic epithelium in vitro. J Clin Invest Members of the genus Parvovirus infect a wide variety of species, causing enteritis in dogs, cats, mink, and calves and reproductive failure in swine. 2 The viral particles are small (18-25 nm) and unenveloped and have icosahedral symmetry and single-stranded DNA genomes. 5 Canine parvovirus-2 (CPV-2) has a predilection for actively dividing epithelial cells, and intranuclear inclusion bodies have been observed in several tissues, including intestinal crypt epithelium, 1,3,8 myocardial cells, 7 and monocytes in lymphoid follicles. 2 In a previous study of 5 dogs and 11 cats, parvoviralassociated basophilic intranuclear inclusion bodies were demonstrated in the tongue and esophagus. 4 No other macroscopic or histologic changes were reported in the tongues of these dogs and cats. Recently, we observed basophilic to amphophilic apparently cytoplasmic inclusion bodies in hematoxylin and eosin (HE)-stained preparations of the glossal epithelium in dogs with gross and microscopic lesions of CPV-2. We examined 11 dogs with lesions consistent with parvoviral enteritis to determine the nature of these glossal epithelial inclusions and if they could be useful in confirming the presence of CPV-2 in suspected cases.
Members of the genus Parvovirus infect a wide variety of species, causing enteritis in dogs, cats, mink, and calves and reproductive failure in swine. 2 The viral particles are small (18-25 nm) and unenveloped and have icosahedral symmetry and single-stranded DNA genomes. 5 Canine parvovirus-2 (CPV-2) has a predilection for actively dividing epithelial cells, and intranuclear inclusion bodies have been observed in several tissues, including intestinal crypt epithelium, 1,3,8 myocardial cells, 7 and monocytes in lymphoid follicles. 2 In a previous study of 5 dogs and 11 cats, parvoviralassociated basophilic intranuclear inclusion bodies were demonstrated in the tongue and esophagus. 4 No other macroscopic or histologic changes were reported in the tongues of these dogs and cats. Recently, we observed basophilic to amphophilic apparently cytoplasmic inclusion bodies in hematoxylin and eosin (HE)-stained preparations of the glossal epithelium in dogs with gross and microscopic lesions of CPV-2. We examined 11 dogs with lesions consistent with parvoviral enteritis to determine the nature of these glossal epithelial inclusions and if they could be useful in confirming the presence of CPV-2 in suspected cases.
Specimens were derived from animals submitted by veterinary practitioners to the Tifton Veterinary Diagnostic and Investigational Laboratory ( Table 1 ). Carcasses of 11 dogs (2 poodles, 2 Staffordshire terriers, 1 Pekinese, 1 bull mastiff, 1 Walker hound, 2 Doberman pinschers, 2 mixed breed dogs) that died with clinical signs suggestive of canine parvoviral enteritis were presented for necropsy. Tissues, including tongue, were fixed in neutral buffered formalin and embedded in paraffin. Blocks were sectioned at 5 m, stained with HE, and examined microscopically. Unfixed intestinal contents and tongue specimens were submitted for negative stain examination for viruses by electron microscopy. For ultrastructural examination, formalin-fixed tongue samples from all but dog 1 were postfixed in 1% osmium tetroxide in 0.1 M phosphate buffer (pH 7.3) and embedded in epoxy. Tissue for dog 6 was retrieved from the paraffin block. Ultrathin sections were stained with uranyl acetate and lead citrate. Additional sections of unfixed tongue and small intestine were examined using direct immunofluorescence with fluorescein isothiocyanate-conjugated anti-CPV-2 antibody. a Tongue epithelium from 4 dogs was also submitted for virus isolation.
Gross and histologic lesions associated with CPV-2 enteritis have been well described. 1, 2, 6, 7 Intestinal lesions compatible with parvoviral enteritis were found in all 11 dogs. There was necrosis of crypt epithelium, villous atrophy, stromal collapse, and hemorrhage. Rare basophilic intranuclear inclusion bodies were found in the small intestine of some dogs. Large, lightly basophilic to amphophilic inclusion bodies, frequently surrounded by a clear halo, were observed in numerous glossal epithelial cells in all 11 dogs. In contrast to the previous report of glossal CPV-2 inclusion bodies, 4 these inclusions were located by light microscopy in the cytoplasm ( Fig. 1 ). Only rare basophilic intranuclear inclusions were observed in glossal epithelium. The cytoplasmic inclusion bodies often displaced the nucleus to the cell periphery.
Examination of homogenized tongue by negative-stain electron microscopy demonstrated parvovirus in 4 of 7 dogs (Fig. 2 ). Ultrastructural examination of sections 60-90 nm thick revealed numerous inclusions consistent with those observed by light microscopy (Fig. 3A) . Most inclusions were composed of closely packed, hexagonal, electron-dense particles, approximately 20 nm, intermixed with rare empty capsids. The appearance of the particles was consistent with parvovirus ( Fig. 3B ). Some inclusions in dogs 5, 8, 9, and 11 contained widely scattered virions occasionally intermixed with scant granular/fibrillar matrix ( Fig. 3B ) or, rarely (dog 5), scant matrix alone. All inclusions were situated in the cytoplasm, surrounded by a double membrane and separate from apparently normal nuclei (Fig. 3B) . The ultrastructure of nuclei, mitochondria, and other organelles was unremarkable. The halos observed under light microscopy were derived from dilatation of the space between the 2 components of the double membrane surrounding viral inclusion bodies. In sections with good membrane preservation, separated inclusion body membranes remained attached to each other at intervals (Fig. 3A) . These attachment sites resemble the pores of the nuclear membrane, with an expanded perinuclear space. In dogs 2 and 3, nuclei of cells containing apparent cytoplasmic viral inclusions were examined closely for parvovirus and connections between inclusion body and nuclear membranes. Nuclei of inclusionfree cells present in the plane of sectioning were also examined closely for parvovirus and early stages of inclusion body formation. No intranuclear parvoviral particles or connections between inclusion body and nuclear membranes were observed in 240 cells with apparent cytoplasmic viral inclusions. There were no intranuclear parvoviral particles or early inclusion body formation in an additional 352 cells without viral inclusions. Similar observations were made in all other dogs. Tongue epithelial homogenates examined with an electron microscope by negative stain demonstrated parvovirus in dogs where epithelial inclusions contained densely packed virions (dogs 2, 7, 9, 10). Parvovirus was not observed by negative stain when inclusions contained only scattered virions (dogs 8, 11) and when fixed tongue was utilized (dog 3). No similar correlation between relative numbers of viral inclusions and positive fluorescent antibody results was found. Fluorescent antibody staining with anti-CPV-2 antibodies was positive in 4 of 8 of the tongue specimens. Isolation of CPV-2 from tongue epithelium was successful in 3 of the 4 dogs.
To our knowledge, parvoviral inclusions in glossal epithelium have only been reported in cats and dogs. 4 In parvoviral infections of domestic animals, inclusion bodies have been described as solely intranuclear. [1] [2] [3] [4] 7, 8 This is the first report of parvoviral inclusions that appear cytoplasmic with light microscopy. Identification of these inclusions as parvovirus was confirmed by fluorescent antibody staining, negativestain electron microscopy, ultrastructural evaluation, and virus isolation from affected tongues ( Table 1 ).
In the previous study describing intranuclear parvoviral inclusions in the tongues of dogs and cats, 4 immunofluorescence was restricted to intranuclear inclusions, and ultrastructurally the virus particles were described within a circular band of marginated chromatin inside the nucleus. 4 In the dogs with CPV-2 (Table 1) , intranuclear inclusions were only rarely observed in the glossal epithelium. Ultrastructurally, the only parvoviral inclusions observed were aggregates of virions surrounded by double membranes. These double-membrane-bound inclusions appeared distinct from nuclei, although it is likely that they were derived from nuclei. A nuclear origin of the glossal inclusions is suggested by the presence of a double membrane with attachments resembling nuclear pores and the recognized dependence of parvoviral replication on nuclear enzyme systems. The only other cellular organelle with a double membrane is the mitochondrion, but there was no ultrastructural evidence of parvoviral replication within mitochondria.
Parvoviral replication takes place exclusively in the cell nucleus and requires the host cell to go through S phase, indicating dependence of the virus on host DNA polymerases. 5 Viral proteins accumulate in the nucleus in the form of empty capsid structures, and progeny virions accumulate in the cell nucleus. 5 Intracytoplasmic inclusions have not been reported in the 18 years since CPV-2 was initially described in dogs or in other parvoviral infections in other species. The inclusions reported here were intracytoplasmic with light microscopy. The preference of Parvoviridae for actively mitotic target cells is presumably due to the dissolution of the nuclear membrane during mitosis, allowing virus entry and access to the host cell's replication machinery. Parvoviral inclusions are reportedly most prevalent late in the incubation period, just prior to cell lysis. 2 The cytoplas- mic localization of viral particles as revealed by light microscopy may have resulted from a process of outpouching of infected nuclear regions followed by separation of the infected regions into the cytoplasm. Alternatively, infected regions of the nucleoplasm may have been sequestered and separately enveloped as the nucleus reformed during mitosis. Such mechanisms could account for the apparent contradiction of replication and accumulation of a nuclear-dependent virus in a cytoplasmic structure distinct from a cell's uninfected nucleus.
The presence of exclusively intranuclear viral inclusion bodies 4 contrasted with our finding of cytoplasmic inclusions on HE-stained sections of tongue from dogs with parvoviral enteritis. Cytoplasmic viral formation would be unlikely in a virus equipped for nuclear assembly and was not supported by our studies. Virus particles outside of the double membrane of the inclusion were not detected in the cytoplasm by electron microscopy. A connection between the double membrane of viral inclusions and the nucleus was not found. Our ultrastructural data suggest that the inclusions are actually derived from the nucleus and only appear cytoplasmic by light microscopy (pseudocytoplasmic). The low incidence of intranuclear inclusions in the glossal epithelium in these CPV-2 cases and the absence of pseudocytoplasmic inclusions in previous reports 4 may be due to strain differences in CPV-2 from these 2 widely separated geographical locations (Japan and the southeastern USA). In agreement with the previous study, the consistent presence of these glossal inclusions in cases of parvoviral enteritis where tongue has been examined and their relative abundance when compared with inclusions in intestinal epithelium indicate that histologic examination of the tongue may be an effective diagnostic aid in CPV-2 infections. Anti-CPV-2 fluorescent an-tibody testing of glossal epithelium and negative-stain electron microscopy of tongue homogenate may also assist in the diagnosis of parvoviral enteritis in cases where intestinal specimens are of poor quality.
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